Atrophic remodeling of the heart in vivo simultaneously activates pathways of protein synthesis and degradation.
Mechanical unloading of the heart results in atrophic remodeling. In skeletal muscle, atrophy is associated with inactivation of the mammalian target of rapamycin (mTOR) pathway and upregulation of critical components of the ubiquitin proteosome proteolytic (UPP) pathway. The hypothesis is that mechanical unloading of the mammalian heart has differential effects on pathways of protein synthesis and degradation. In a model of atrophic remodeling induced by heterotopic transplantation of the rat heart, we measured gene transcription, protein expression, polyubiquitin content, and regulators of the mTOR pathway at 2, 4, 7, and 28 days. In atrophic hearts, there was an increase in polyubiquitin content that peaked at 7 days and decreased by 28 days. Furthermore, gene and protein expression of UbcH2, a ubiquitin conjugating enzyme, was also increased early in the course of unloading. Transcript levels of TNF-alpha, a known regulator of UbcH2-dependent ubiquitin conjugating activity, were upregulated early and transiently in the atrophying rat heart. Unexpectedly, p70S6K and 4EBP1, downstream components of mTOR, were activated in atrophic rat heart. This activation was independent of Akt, a known upstream regulator of mTOR. Rapamycin treatment of the unloaded rat hearts inhibited the activation of p70S6K and 4EBP1 and subsequently augmented atrophy in these hearts compared with vehicle-treated, unloaded hearts. Atrophy of the heart, secondary to mechanical unloading, is associated with early activation of the UPP. The simultaneous activation of the mTOR pathway suggests active remodeling, involving both protein synthesis and degradation.